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ABSTRACT
This paper reports on the factors associated with non-fatal urban-road accident severity. Data on
accidents were gathered from the local trafﬁc police in the City of Palermo, one of the six most populated
cities in Italy.
Findings from a mixed-effects logistic-regression model suggest that accident severity increases when
two young drivers are involved, road trafﬁc conditions are light/normal and when vehicles crash on a
two-way road or carriageway. Speeding is more likely to cause slight or serious injury even when
compared to a vehicle moving towards the opposite direction of trafﬁc. An accident during the summer is
more likely to result in a slight or serious injury than an accident during the winter, which is in line with
evidence from Southern Europe and the Middle East.
Finally, the severity of non-fatal accident injuries in an urban area of Southern Europe was signiﬁcantly
associated with speeding, the age of the driver and seasonality.
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Introduction
Road-accident injuries have signiﬁcant economic implications
including costs of health care, quality of life, administration,
insurance and lost productivity for the victims and their fami-
lies. The World Health Organization (WHO) has estimated
that injuries as a result of road accidents cost countries approx-
imately 3% of their Gross National Product with the ﬁgure ris-
ing to 5% in some low- and middle-income countries (WHO,
2016). Countries in the WHO European region, which includes
the European Union (EU) and the Commonwealth of Indepen-
dent States, reported societal costs of road accidents between
0.6% and 5.8% of their Gross Domestic Product (GDP) with a
median of 1.4% of the GDP (Jackisch, Sethi, Mitis, Szyma~nski,
& Arra, 2015). In Italy, there is little evidence on the costs of
road trafﬁc injuries, but a study conducted by the Italian Insti-
tute of Statistics reported that in 2014, medical costs, produc-
tion and human losses amounted to 18 billion Euros, 1.3% of
the country’s GDP (Istituto Nazionale di Statistica, 2015).
In 2016, the WHO announced that approximately 1.25 mil-
lion people are killed and 20–50 million people suffer non-fatal
injuries each year because they have been involved in a road
accident (WHO, 2016). The European Commission has esti-
mated that for each road death there are approximately four
permanently disabling injuries (e.g. brain or spinal cord dam-
age), eight serious injuries and 50 minor injuries (EU, 2016).
Across the EU there were 25,896 persons killed in road acci-
dents averaging 51 deaths per million inhabitants in each EU
member state in 2013 (Eurostat, 2015). Between 2010 and
2014, road deaths decreased by 18% reﬂecting an average of
4.9% annual reduction across the EU (EU, 2015). However, the
percentage of accidents involving seriously injured increased
by almost 3% between 2013 and 2014 (EU, 2015). During the
same period, in Italy, there was an overall c.0.6% decrease in
fatal accidents and 2.7% decrease in accidents involving serious
injuries (Istituto Nazionale di Statistica, 2016). These trends
are far from the set target of achieving an overall 50% reduc-
tion in road-accident fatalities by 2020 (EU, 2015). Most
importantly, the increase in serious injuries because of road
accidents across the EU suggests that more empirical evidence
is needed to better understand the factors associated with non-
fatal road-accident injuries. The need for additional evidence
across different settings becomes more emerging due to lack of
data (e.g. non-fatal accidents) as well as inconsistencies in the
ﬁndings and the deﬁnition of and factors related to accident
severity. This is explained in the remainder of this section.
Many studies on road-accident severity have primarily
focused on investigating factors associated with fatal injuries
whereas less emphasis has been placed on non-fatal (slight and
serious) injuries. A frequently cited barrier that prevents a thor-
ough investigation of non-fatal accidents has been underreport-
ing, which may vary across countries (Elvik & Mysen, 1999;
Hauer & Hakkert, 1988; Savolainen, Mannering, Lord, &
Quddus, 2011; Tsui, So, Sze, Wong, & Leung, 2009). One of the
reasons behind underreporting of non-fatal accidents, especially
those involving slight injuries, has been related to the risk of
involving insurance companies and potential increases in vehi-
cle-insurance premiums over following years (Abay, 2015; Hauer,
2006). Underreporting may also vary according to severity as the
police in some cases would record an accident and visit the acci-
dent site only when vehicle or property damages exceed a certain
amount (Hauer & Hakkert, 1988). Underreporting may lead to
biased results, giving erroneous identiﬁcation of the factors
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related with accident severity, especially those concerning non-
fatal injuries (Savolainen et al., 2011).
It is also not straightforward to generalize ﬁndings as
there exist different deﬁnition of factors related to accident
severity and ﬁndings are inconsistent and vary across coun-
try and urban/rural settings or come from the investigation
of speciﬁc road locations (e.g. intersections) (Theoﬁlatos,
Graham, & Yannis, 2012; Theoﬁlatos & Yannis, 2014). Driv-
er’s age, for example, is a characteristic case in which there
has been a variety of deﬁnitions. A study investigated associ-
ations between accident severity and the age of motorcycle
drivers, which were grouped into ‘under 25’ and ‘over
55’ years using the age group of ‘25–55’ as reference (Patil,
Geedipally, & Lord, 2012), whereas another study classiﬁed
drivers into ﬁve age groups (<18, 18–30, 31–45– 46–60 and
60+ year of age) (Theoﬁlatos et al., 2012). Regarding the
inconsistency of ﬁndings, two studies reported that male
drivers had a lower injury propensity compared to female
drivers in their study of 60 jurisdictions across the US and
the city of Coimbra, Portugal, respectively (Garrido, Bastos,
de Almeida, & Elvas, 2014; Yasmin & Eluru, 2013). On the
other hand, Zhang, Lindsay, Clarke, Robbins, and Mao
(2000) reported that elderly (65+ years of age) male drivers
in Ontario, Canada, were more likely to be involved in a
major or fatal accident than females.
A study also reports on impacts involving a frontal crash
into the rear of another vehicle (Viano & Parenteau, 2012).
Results revealed that there is no signiﬁcant difference between
the risk of severe injury for drivers in the front and rear in two
vehicle collisions.
The association between weather conditions and accident
severity has also involved inconsistent ﬁndings. A number of
studies suggested that drivers generally adjust driving
speed and take precaution during period of poor weather,
and therefore the likelihood of a severe accident decreased
(e.g. Theoﬁlatos et al., 2012; Zhang et al., 2000). By contrast,
other studies reported reduced visibility, adverse weather
conditions such as snow increased the propensity of injury
severity and unsafe driving (Balagh, Farnoosh, & Makis,
2014; Bella & Calvi, 2013; Milton, Shankar, & Mannering,
2008).
Given variations on the deﬁnition of different factors,
inconsistency of ﬁndings and limited evidence on non-fatal
injuries, the aim of this paper is to examine the factors associ-
ated with non-fatal accident severity through an empirical
investigation. The study beneﬁts from the availability of a com-
prehensive record of accidents reported to the local trafﬁc
police in the City of Palermo, one of the six most populated cit-
ies in Italy. The City of Palermo resembles well an Italian city
of 500,000 inhabitants, but one with very limited public trans-
port services and thus, high reliance on cars and motorcycles.
The very interesting aspect of the data is that fatal-accidents
only account for 0.36% of all accident records (City of Palermo,
2013) and hence, this is an opportunity to investigate and
report ﬁndings on the factors associated with slight and serious
injuries.
Methods
Data
The data in this study comprised a monthly-stratiﬁed random-
sample of 20% of the road accidents that occurred in the City
of Palermo during the period August 2012–December 2013.
All accident records are created in paper and pencil format by
the local trafﬁc police department in the City. Because of ﬁnan-
cial and human resources constraints, it was only possible to
obtain a (random) proportion of this data in digital format.
Each accident record included the characteristics of the acci-
dent (e.g. cause, nature), the type of vehicles involved, the age
and gender of the drivers, road-design characteristics and road
and weather conditions. Summary statistics of the available
data are shown in Tables 1 and 2.
Each record also included details of a maximum of two
vehicles, except in the case where only one vehicle was
involved in an accident. As shown in Table 1, most drivers
were males – 72.7% in Vehicle 1 and 76.7% in Vehicle 2 and
accidents mostly involved cars and scooters /motorcycles.
The category ‘other vehicle’ included vans, trucks and pub-
lic-service vehicles and corresponded to 4.7% of the ﬁrst and
3.6% of the second vehicle in the sample of accidents.
Regarding the drivers’ age, the majority were between 25
and 54 years of age comprising three age-group categories
with approximately equal frequencies (19.3%¡22.9%).
Finally, the data included a very small proportion (1.5%) of
single vehicle crashes (car, motorcycle or bicycle) in which
no other vehicle or pedestrian was injured.
Table 1. Individual and vehicle characteristics of accident data for Palermo, Italy (N = 1398).
Vehicle 1 Vehicle 2
Variable Value/deﬁnition Freq. % Freq. %
Gender Females 382 27.3 326 23.3
Age (years) <18 16 1.1 173 12.4
18–24 187 13.4 194 13.9
25–34 320 22.9 251 17.9
35–44 283 20.2 269 19.2
45–54 270 19.3 214 15.3
55–64 152 10.9 143 10.2
65 + 170 12.2 154 11.0
Type of vehicle Car 1091 78.0 694 49.6
Scooter/motorcycle 242 17.2 411 29.4
Bicycle or pedestrians 1 0.07 123 8.8
Other vehicle 66 4.7 50 3.6
No second vehicle involved 121 8.7 N/A
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As shown in Table 2, disobeying the right of way and speed-
ing were the two most frequent causes of accidents correspond-
ing to 37.2% and 24.3% of the sample, respectively.
Approximately, 64% of the accidents involved a front/lateral
collision and only 8.1% of the accidents involved a pedestrian.
Accidents involving only one vehicle corresponded to 8.7% of
the accidents. Regarding road conditions and design character-
istics, most accidents occurred under light or normal trafﬁc
conditions (83.8%), 6.1% of accidents occurred on a bend
(curve) and 19.1% took place on a carriageway within the City
of Palermo. Road signs were missing in 14.6% and trafﬁc lights
were present at 11.4% of the cases, respectively.
The time of the accident was grouped into four categories
corresponding to morning peak, day off-peak and afternoon/
evening peak and off-peak periods. As shown in Table 2, 38.7%
of the accidents were recorded between 9am and 4pm. In terms
of season, autumn and summer presented higher frequencies of
accidents with 34.9% and 23.5%, respectively. Finally, the data
included information on the weather conditions with 66% of
accidents occurring on a sunny day and in only for 1.9% of the
cases visibility was poor.
Analytical approach
Accident severity, the dependent variable in this study, was
classiﬁed into four categories: (1) no injury, (2) slight injury (3)
injury requiring hospital admission for more than three days
and (4) fatal injury. The occurrence of fatal injuries corre-
sponded to only 0.36% of all accidents (City of Palermo, 2013)
and therefore provided an opportunity for the analysis to focus
on non-fatal injuries, namely slight injury or injury requiring
hospital admission for more than three days. The frequencies
of the two injury categories are shown in Table 2. 61.5% of
accidents involved a slight injury and 5.3% accidents involved
a more serious injury. For the purposes of this study, the two
injury categories were grouped into a single category.
Preliminary exploratory analysis included univariate logistic
regression models to separately test the effect of each explana-
tory factor on accident severity. The p-values and sign of the
association of each factor are shown in Appendix. As shown in
Tables 1 and 2, all explanatory variables were categorical and
those that had more than two levels (j> 2) were dummy-coded
by creating j–1 dummy variables with one of the levels being
Table 2. Descriptive statistics of the accident data in Palermo, Italy (N = 1398).
Group Variable Value/deﬁnition Freq. %
Accident characteristics Cause of the accident Speeding 340 24.3
Reverse driving direction 250 17.9
Disobeying right of way 520 37.2
Other 288 20.6
Nature of the accident Front or lateral collision 902 64.4
Rear collision 204 14.8
Pedestrian 114 8.1
Moving vehicle against another vehicle 130 9.3
Other 50 3.6
Road design and conditions Road layout Intersection 706 50.5
Straight 605 43.3
Bend 86 6.1
Type of road surface Unpaved 19 1.5
Paved 1379 98.5
Road type One-way trafﬁc 539 38.5
Two-way trafﬁc 592 42.4
Carriageway 267 19.1
Road surface Dry 1109 79.3
Road signage Missing 204 14.6
Trafﬁc lights at crossroads Present 159 11.4
Trafﬁc Light 341 24.4
Normal 831 59.4
Heavy 228 16.3
Time of day, season and weather conditions Time of day Morning peak (6:00–8:59) 193 13.8
Day off-peak (9:00–15:59) 537 38.7
Afternoon peak (16:00–18:59) 270 19.3
Night (19:00–5:59) 400 28.6
Year 2012 415 29.7
2013 985 70.3
Season Summer 329 23.5
Autumn 489 34.9
Spring 251 17.9
Winter 331 23.6
Visibility Poor 27 1.9
Weather Sunny 924 66.0
Cloudy 291 20.8
Rain 180 12.9
Windy 5 0.4
Injury types No injury 463 33.1
Slight injury 861 61.5
Injury requiring hospital admission >3 days 74 5.3
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the reference level. For example, the variable ‘cause of the acci-
dent’ was dummy coded into three variables ‘speeding’ (= 1 if
speeding was the cause of the accident, 0 otherwise), ‘disobey-
ing right of way’ and ‘other’ with the reference category being
‘reverse driving direction’.
The multivariate analysis of the crash severity data was
undertaken using a mixed-effects (multi-level) logistic regres-
sion model. Each observation corresponded to a vehicle (car,
motorcycle and scooter) and these observations were grouped
into the corresponding accident. A multi-level model allows to
directly estimate the effects of driver and vehicle characteristics
involved in an accident as the effects of drivers’ gender, age
and type of vehicle can be speciﬁed in the model, rather than
through interactions, while accounting for potential correlation
of the road, weather, time and season characteristics when hav-
ing two vehicles involved in the same accident. Multi-level
models are indented to evaluate the correlation between obser-
vations (vehicles in the latter case) within the same level of
analysis (accident) and capture these variations by allowing the
regression intercept to vary across accidents. This approach is
known as a ‘random intercept’ multi-level modelling method
(Jones & Bullen, 1994).
The mixed-effects logistic regression model estimations
were performed in STATA/MP 13.1 using the xtmelogit
command (Stata Corporation, Texas, USA). The selection of
explanatory variables in the model was guided by the signiﬁ-
cance of explanatory factors in the univariate analysis (see,
Appendix) and the potential correlations and overlap between
explanatory variables (e.g. nature of the accident and crash
type). Also, single vehicle crashes could not recover any signiﬁ-
cant effects in preliminary analysis due to their very small pro-
portion in the sample and thus these observations were
excluded from further analysis.
Results
Table 3 shows the estimated coefﬁcients of explanatory factors
in the mixed-effects logistic regression model of accident sever-
ity. The vehicle-to-vehicle variation as determined by the stan-
dard deviation of the constant term is statistically signiﬁcant at
the 99% conﬁdence level conﬁrming that there are generaliz-
able differences across vehicle and driver characteristics in
terms of the severity of the crash.
Driver characteristics
Compared to drivers aged 25 years or younger, 25–34 and 34–
44-year-old drivers were less likely to be involved in a crash
Table 3. Estimated coefﬁcients of a mixed-effects logistic regression model of non-fatal accident severity.
Variable Deﬁnition Coefﬁcient [95% conf. intervals]
Age group (years) <25 Reference
25–34 ¡0.371 [¡0.683, ¡0.059] 
35–44 ¡0.328 [¡0.643, ¡0.013] 
45–54 ¡0.234 [¡0.557, 0.089]
55–64 ¡0.317 [¡0.676, 0.043] 
65 + ¡0.298 [¡0.656, 0.06]
Gender Male ¡0.007 [¡0.209, 0.194]
Female Reference
Type of vehicle Car Reference
Scooter/motorcycle 1.422 [1.161, 1.683] 
Bicycle or pedestrians 2.613 [1.766, 3.46] 
Cause of the accident Speeding 0.442 [0.161, 0.722] 
Reverse driving direction Reference
Disobeying right of way 0.039 [¡0.204, 0.283]
Other 0.309 [0.01, 0.607] 
Road type One-way trafﬁc Reference
Two-way trafﬁc 0.379 [0.176, 0.582] 
Carriageway 0.337 [0.089, 0.586] 
Road signage Present 0.392 [0.135, 0.65] 
Missing Reference
Trafﬁc Normal or light 0.410 [0.174, 0.645] 
Heavy Reference
Time of day Morning peak (6:00–8:59) Reference
Day off-peak (9:00–15:59) 0.444 [0.171, 0.718] 
Afternoon peak (16:00–18:59) 0.127 [¡0.177, 0.431]
Night (19:00–5:59) 0.101 [¡0.191, 0.393]
Season Summer 0.500 [0.233, 0.768] 
Autumn 0.451 [0.171, 0.73] 
Spring 0.200 [¡0.035, 0.435] 
Winter Reference
Constant ¡0.883 [¡1.49, ¡0.276] 
Constant: standard deviation ¡1.725 [¡2.84, ¡0.61] 
LR chi2(df), p-value 220.57 (21), 0.000
LL ¡1439.27
Observations 2518 (corresponding to 1259 accidents)
Sign.: @90%;  sign.: @95%;  sign.: @99% conﬁdence level.
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involving a slight or serious injury and both effects were statis-
tically signiﬁcant at the 95% level of conﬁdence (Coeff: ¡0.371,
p-value < 0.05; Coeff: ¡0.328, p-value < 0.05). On the other
hand, there were no signiﬁcant differences in the severity of
crash between drivers aged 25 years of age and those aged 45–
54 years and 65 and over. Regarding the gender of drivers,
there was no signiﬁcant difference in the severity of the acci-
dent between male and female drivers.
Accident characteristics
The characteristics of the accident primarily concerned two vari-
ables: the type of vehicle and the cause of the accident. The vari-
able ‘type of vehicle’ presented a signiﬁcant overlap with the
variable ‘nature of the accident’. However, ‘type of vehicle’ was
selected to better capture the severity risk of the vehicles
involved and because of the overall improvement in the model’s
goodness-of-ﬁt; the comparison was based on log-likelihood
ratio tests across two different model speciﬁcations. As shown
in Table 3, compared to an accident involving a car, truck or an
ambulance, the severity of an accident involving scooters,
cyclists or pedestrians was signiﬁcantly different at the 99% con-
ﬁdence level. For example, an accident involving a scooter (or
motorcycle) was more likely to involve a slight or serious injury
(coeff: 1.422; p-value < 0.01) than an accident involving a car
(s). As shown in Figure 1, the odds ratio of a scooter vs. car acci-
dent resulting in a slight or serious injury was 4.1 times higher
than an accident involving only cars. The highest odds ratio was
estimated for an accident involving a pedestrian or cyclist where
the likelihood for a slight or serious injury was 13.6 times higher
than an accident involving a car(s). With regard to the cause of
the accident, speeding signiﬁcantly increased the severity of acci-
dent (coeff: 0.442; p-value < 0.01) relative to another accident
that occurred because of driving towards the opposite direction
of the trafﬁc, which was set as the reference level. The odds ratio
of speeding was equal to 1.6, among the highest of all explana-
tory factors excluding those related to type of vehicle.
Road design and conditions
Road type was deﬁned by three levels: one-way-trafﬁc road, two-
way and carriageway. Relative to one-way-trafﬁc, the severity of
the accident was signiﬁcantly higher if the accident occurred in
a two-way-trafﬁc road (coeff: 0.379; p-value < 0.01) or a car-
riageway (coeff: 0.337; p-value < 0.01). The corresponding odd
ratios were equal to 1.5 for two-way-trafﬁc road and 1.4 for car-
riageway, respectively.
Presence of road signs only marginally increased the sever-
ity of the accident (coeff: 0.392; p-value< 0.01) relative to cases
where there was absence of road signs. Finally, accidents occur-
ring under light or normal trafﬁc were more likely to result in
slight or severe injury when compared with accidents occurring
under heavy-trafﬁc conditions. The corresponding odds ratio
was equal to 1.5 – that is under light or normal trafﬁc condi-
tions, the likelihood of increased accident severity increased by
1.5 times.
Time of day and season of year
The time of day an accident occurred was used to classify acci-
dents into four periods: (a) morning peak, (b) day off-peak, (c)
afternoon peak and (d) afternoon off-peak/night. Relative to
the morning peak-period, accident severity was signiﬁcantly
different during the day off-peak period in which the likelihood
of a slight or more serious injury was higher (coeff: 0.444; p-
value < 0.01). The odds ratio of day off-peak accident severity
was equal to 1.6 (see, Figure 2).
Accident records were classiﬁed according to the season of
the year to capture seasonality effects. Using winter as a refer-
ence level, accidents occurring during the summer (coeff:
0.500, p < 0.01), autumn (coeff: 0.451, p < 0.01) and spring
(coeff: 0.200, p < 0.10) time were likely to result in a slight or
more serious injuries. The odds ratio of an accident severity in
the summer and spring was 1.6 meaning that an accident in
the summer was 1.6 times more likely to result in slight or
more serious injury than another occurring in the winter (see,
Figure 2).
Discussion and conclusion
This study examined the associations between the severity of
non-fatal accidents in the City of Palermo and driver and acci-
dent characteristics, road design and conditions and seasonal-
ity of accident severity.
4.1
13.6
510150
Scooter
Pedestrian
Odds ratios
1
Figure 1. Odds ratios of injury severity for pedestrians and scooter riders.
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The key ﬁndings are that the severity of non-fatal accident
injuries in an urban area of Southern Europe was signiﬁcantly
associated with speeding, the age of the driver and seasonality.
Compared to an accident that involved a vehicle moving
against the direction of trafﬁc, exceeding the speed limit of
50 km/hr (30 mph) in an urban area would be 1.6 times more
likely to result in a serious injury. This ﬁnding and estimated
odds ratio is unique as the estimates correspond to the relative
risk of an accident when exceeding the urban-level speed limit.
The only relevant model speciﬁcation, but for rural areas
also reported that exceeding the posted speed limit on rural
freeways signiﬁcantly increased the accident severity or fatal-
ity in the state of Washington, US (Shankar, Mannering, &
Barﬁeld, 1996). Model speciﬁcations in previous studies only
classiﬁed accidents according to the different levels of speed
limits (e.g. 50 km/hr, 100 km/hr) reporting a positive associ-
ation between speed limit and accident severity (Tay &
Rifaat, 2007). For example, Chen, Cao, and Logan (2012)
found that the fatal intersection crashes were 10.5 times
more likely to occur within 100 km/hr speed zones than in
50 km/hr zones.
Regarding the age of the driver, ﬁndings in this study indi-
cated that an accident between two drivers aged 24 years or
younger, 45–54 and 65 years and older were more likely to be
involved in a crash with a slight or serious injury than those
aged 25–44 and 55–64 years. This ﬁnding suggests that acci-
dent severity in the urban environment were more prevalent
among younger and older drivers. For younger drivers, risk-
taking behaviours, immaturity as well as inexperience have
been suggested as drivers of more severe crashes (Organisation
for Economic Co-operation and Development, 2006; Tay &
Rifaat, 2007). The estimated effects were in line with previous
ﬁndings in similar country settings (e.g. Theoﬁlatos et al.,
2012). Similarly, Patil et al. (2012) reported that young
(<25 years of age) motorcycle riders were more likely to be
involved in accidents with higher injury severity than middle-
aged drivers.
Seasonality effects were tested by classifying accidents into
the four seasons of the year. Speciﬁcally, the ﬁndings indicated
that accidents in the summer and autumn were c.1.6 times
more likely to result in a slight or serious injury than accidents
recorded in the winter. This ﬁnding may appear counter intui-
tive but previous studies at similar geographic and country
contexts proposed supportive arguments. For example, two
studies suggested that speed adjustments by drivers (Bergel-
Hayat, Debbarh, Antoniou, & Yannis, 2013; Theoﬁlatos et al.,
2012) – i.e. being more cautious during adverse weather may
be related to reduced severity during the winter, whereas higher
use of motorcycles may be related to higher severity during the
summer, spring and autumn in the Mediterranean region
(Theoﬁlatos & Yannis, 2014). Along this line, Nofal and Saeed
(1997) reported that the presence of seasonal patterns in acci-
dent numbers were signiﬁcantly higher during the hot daylight
periods of the summer season in the City of Riyadh, Saudi Ara-
bia. These effects signiﬁcantly differ from several US states and
other European countries (Theoﬁlatos & Yannis, 2014). It is
also worth highlighting that given the geographic location of
the City of Palermo, the variable season was highly correlated
with weather (sunny, rain, clouds) in terms of the frequency of
accidents (x2(6) = 194.14, p = 0.000). In other words, accidents
recorded in the summer were more likely to occur on a sunny
day and accidents recorded in the winter had higher than
expected frequencies on a cloudy or rainy day, respectively.
The latter did not necessarily mean bad weather as there were
very few accidents recorded under poor visibility conditions
(see, Table 2).
One of the strengths of this study is that it reports evidence
on accident severity of non-fatal accidents, namely no injury,
slight injury and injury requiring hospitalization for more than
three days. Fatal accidents only corresponded to 0.36% of all
recorded accidents. The estimated mixed-effects logistic regres-
sion model and odd ratios are therefore free from underreport-
ing bias involved in many accident records (Abay, 2015). Also,
the study provided evidence from Palermo, Italy, a typical exam-
ple of a city in southern Europe where evidence on the factors
associated with accident severity has been scarce. One of the
limitations of the paper is the lack of data on use of safety
equipment (e.g. seatbelts, helmets), alcohol misuse or phone use
during driving (Cheng, 2015). Previous studies have highlighted
the effectiveness of crash protection equipment in reducing
1.4
1.5
1.5
1.6
1.6
1.6
1.6
0.00 0.50 1.00 1.50 2.00
Carriageway (vs. one-way-traffic road)
Two-way-traffic road (vs. one-way-traffic)
Light/normal traffic conditions (vs. heavy traffic)
Speeding (vs. driving against traffic)
Spring (vs. Winter)
Day off-peak (9:00 – 15:59) (vs. morning peak)
Summer (vs. Winter)
Odds ratios
Figure 2. Odds ratios of signiﬁcant explanatory variables at the 95% conﬁdence level.
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accident severity (Patil et al., 2012; Zhang et al., 2000). Also,
Abay, 2015 reported that the use of seatbelt only increased the
likelihood of minor injuries. Not surprisingly, Patil et al. (2012)
and Zhang et al. (2000) found that alcohol consumption
increased the probability of sustaining a serious injury.
Our study was set in an urban area of Italy; the results, how-
ever, are relevant to other cities in Southern Europe. There is
opportunity to address accident severity by developing and
implementing policy centred on young people and speeding.
Policy measures may involve the implementation of a trafﬁc
management system, especially during day non-peak hours,
education campaigns and driver training for young people as
well as use of technology (e.g. speed cameras) to address issues
of accident severity in an urban setting.
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Appendix. Univariate analysis of injury propensity in Palermo, Italy (N = 2518).
Group Variable Value/deﬁnition p-value (sign)
Driver characteristics Age group (years) < 25 Reference
25–34 0.000 [¡]
35–44 0.001[¡]
45–54 0.000 [¡]
55–64 0.000 [¡]
65 + 0.000 [¡]
Gender Male (vs. female) 0.399 [+]
Accident characteristics Vehicle or pedestrians involved Car Reference
Scooter 0.000 [+]
Pedestrian 0.000 [+]
Cause of the accident Speeding 0.007 [+]
Reverse driving direction Reference
Disobeying right of way 0.715 [+]
Other 0.003 [+]
Nature of the accident Front or lateral collision Reference
Rear collision 0.075 [+]
Pedestrian 0.000 [+]
Moving vehicle against another vehicle 0.000 [¡]
Other 0.730 [+]
Road design and conditions Road layout Intersection Reference
Straight 0.596 [+]
Bend 0.771 [+]
Type of road surface Unpaved Reference
Paved 0.419 [+]
Road type One-way trafﬁc Reference
Two-way trafﬁc 0.000 [+]
Carriageway 0.090 [+]
Road surface Dry 0.021 [+]
Road signage Present 0.015 [+]
Missing Reference
Trafﬁc light at crossroads Missing Reference
Present 0.307 [¡]
Trafﬁc Normal/light 0.001 [+]
Heavy Reference
Time of day, season and weather conditions Time of day Morning peak (6:00–8:59) Reference
Day off-peak (9:00–15:59) 0.001 [+]
Afternoon peak (16:00–18:59) 0.224 [+]
Night (19:00–5:59) 0.287 [+]
Year 2012 Reference
2013 0.021 [¡]
Season Summer 0.000 [+]
Autumn 0.023 [+]
Spring 0.650 [+]
Winter Reference
Visibility Poor 0.911 [+]
Weather conditions Sunny 0.007 [+]
Cloudy 0.760 [¡]
Rain/windy Reference
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